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我们发现 Hippo 信号通路的关键效应蛋白 Yap 可以促进肝脏细胞从二倍体
向多倍体的转化并且促进多倍体细胞的异常分裂，加速肿瘤的发生发展。Yap
的激活可以通过 AKT 促进乙酰转移酶 p300 对 E3 泛素连接酶 Skp2 的乙酰化修
饰。Skp2 的乙酰化修饰使 Skp2 定位在细胞质内，使得核内 Skp2 泛素化降解的
底物 p27 不能被降解，从而导致 p27 在细胞核内大量聚集。p27 在细胞核内的大
量聚集造成细胞基因组的内复制，导致多倍体的形成以及中心体的过多复制。
此外，细胞质内乙酰化的 Skp2 可以降解促凋亡蛋白 Foxo1/3，使得多倍体细胞
分裂、基因组不稳定性和肿瘤的发生。 
























Polyploidy is a state in which cells possess more than two sets of homologous chromosomes. 
Polyploidy is a widespread physiological phenomenon observed particularly in plants, fungi, 
insects, fishes, and amphibians. Although most of the eukaryotic somatic cells are diploid, that is, 
only two groups of chromosomes, inherited from the male and female, respectively. 
Polyploid cells Centrosome overreplication and abnormally dividing can lead to aneuploidy, 
genomic instability and tumorigenesis. Previous study reported that p53 is required for the 
induction of cell senescence to limit the proliferation of polyploidy cells . Hippo pathway is 
activated in tetraploid cells, so we further studied the role of Hippo signaling pathway in the 
transformation between diploid cells and polyploid cells and tumor formation. 
Here we report that the Hippo pathway effector Yap promotes the diploid-polyploid 
conversion and polyploid cell growth through the Akt-Skp2 axis. Yap strongly induces the 
acetyltransferase p300-mediated acetylation of the E3 ligase Skp2 via Akt signaling. Acetylated 
Skp2 is exclusively localized in the cytosol, which causes hyper-accumulation of the 
cyclin-dependent kinase inhibitor p27, leading to cell mitotic arrest and subsequently cell 
polyploidy. Additionally, the pro-apoptotic factors FoxO1/3 are overly degraded by acetylated 
Skp2, resulting in polyploid cell division, genomic instability and oncogenesis.  
Importantly, depletion or inactivation of Akt or Skp2 abrogated Hippo 
signal-deficiency-induced liver tumorigenesis, indicative of their epistatic interaction. At the same 
time, we also found a good correlation between tumorigenesis and Yap-AKT-Skp2 signaling 
pathway in clinical patient samples. Thus, we conclude that Hippo-Yap signaling suppresses cell 




































































图 1.1 细胞质分裂失败导致肝细胞多倍体化[13] 


















































































脂肪肝可能是导致肝癌发生的一个危险因子。                             

































有回答：到底是异倍体引起肿瘤还是肿瘤细胞的增殖导致了异倍体的产生[36-38]。           




胞周期的 S 期，即在 S 期完成 DNA 复制。其中有研究报道在肿瘤细胞中，M 期
染色体的断裂和修复机制可以让肿瘤细胞生存得更好[39]。在这项研究中，肿瘤
细胞系在有丝分裂期（M 期）复制的 DNA 主要位于“脆性位点”（基因组特定
区域），在有丝分裂前期，细胞会启动核酸酶 MUS81、DNA 聚合酶 POLD3 依
赖的 DNA 复制，从而减少染色体的错误分离和不分离，由此在细胞周期的最后
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